> INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT ^ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ? 
H04L 25/03, 7/04 



Al 



(11) International Publication Number: WO 00/59168 

(43) International Publication Date: 5 October 2000 (05.10.00) 



(21) International Application Number: PCT/GB00/01214 

(22) International Filing Date: 30 March 2000 (30.03.00) 



(30) Priority Data 

9907354.6 



GB 



30 March 1999 (30.03.99J 

(71) Applicant (for all designated States except US): UNIVERSITY 
OF BRISTOL [GB/GB]; Senate House, Tyndall Avenue, 
Bristol BS8 1TR (GB). 



(72) Inventors; and 

(75) Inventors/Applicants" (for US only): pBULL, DavipV^Roger 
[GB/GB]; Netherways, Netherhope Lane, Tidenham, Nr. 
Chepsto\v^Mfonmouthshire NP16 7JE (GBV^TOC, Andrew, 
Robert r0B/GB]; 7 Bellview, Clifton, Bristol BS8 IDA 
(GBy^AYA, Ismail [TR/TR]; Karadeniz Technical Univer- 
sity, T>ept. of Electrical & Electronics Engineering, 61080 
Trabzon (TR). 

(74) Agents: VIGARS, Christopher, Ian et al.; Haseltine Lake & 
Co., Imperial House, 15-19 Kingsway, London WC2B 6UD 
(GB). 



designated States: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ADAPTIVE FILTER EQUALISATION TECHNIQUES 



REFERENCE SYMBOLS x R TO BE 



18 




REFERENCE 
TRAINING 
SEQUENCE x, 



ERROR 



OUTPUT OF DFE 



(57) Abstract 

Multipath communications channels can result in intersymbol interference that requires the use of equalisation techniques to be 
removed. A method of estimating coefficients of an equaliser filter which receives an input channel signal, includes initialising preselected 
coefficients of the equaliser filter in accordance with a calculated channel matched filter model, and estimating the coefficients of the filter 
using an estimation technique and a known input channel signal to the equaliser. Initialising the coefficients in this way enables the training 
period of the filter to be reduced. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







QUTENT COOPERATION TR(^JY 
POT 



recd 0 2 JUL 2001 

PCT 



WIPO 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Article 36 and Rule 70) 



/ U 

{ 



Applicant's or agent's file reference 
HL57809/001/CIV 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/GB00/01214 


International filing date (day/month/year) 
30/03/2000 


Priority date (day/month/year) 
30/03/1 999 


International Patent Classification (IPC) or national classification and IPC 
H04L25/03 


Applicant 

UNIVERSITY OF BRISTOL 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 





Basis of the report 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



Date of submission of the demand 
25/10/2000 



Date of completion of this report 
28.06.2001 



Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Cretaine, P 

Telephone No. +49 89 2399 8828 



Form PCT/lPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



# 

International application No. PCT/GB00/01 21 4 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 1 7))\ 
Description, pages: 

1-16 as originally filed 



Claims, No.: 

1-8 

Drawings, sheets: 

1/5-5/5 



as originally filed 



as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 



□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
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1. Statement 



Novelty (N) 


Yes: 


Claims 
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No: 


Claims 
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Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-8 


Industrial applicability (IA) 


Yes: 


Claims 


1-8 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 
D1 = WO-A-91 17607 

D2 = KAYA I. et al.: "Exploiting multipath activity using low complexity equalisation 
techniques for high speed wireless LANs", VTC '98, 48TH IEEE VEHICULAR 
TECHNOLOGY CONFERENCE, 18-21 MAY 1998, pages 1593-1597 vol.2, New 
York, NY, USA. 

D3 = EP-A-0 880 253 

2. The subject-matter of claim 1 is not new, Article 33(2) PCT. In this respect, D1 
discloses, according to all the features of claim 1 , a method of estimating 
coefficients of an equaliser filter which receives an input channel signal (page 2, 
line 25 to page 3, line 5), the method including initialising preselected coefficients 
of the equaliser filter in accordance with a calculated channel matched filter model 
(page 3, lines 21-35), and estimating the coefficients of the filter using an 
estimation technique and a known input channel to the equalizer (claim 3). 

Moreover, it should be noted that even if novelty of claim 1 could be argued, 
based on minor differences between the features of this claim and those disclosed 
in D1 , the subject-matter of claim 1 would not involve an inventive step, Article 
33(3) PCT, having regard to the disclosure of D1. 

3. Dependent claims 2 to 8 do not contain any features which, in combination with 
the features of claim 1 to which they refer, meet the requirements of the PCT in 
respect of inventive step (Article 33(3) PCT), since these features appear to be 
disclosed in D1 , D2 or D3, or are common measures. 

- claim 2: channel matched filter modelisation, see D2, paragraph II, equations (2), 
(3) and (4); preselected coefficients are feed forward coefficients of the equaliser 
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filter, see D1; coefficients initialised as complex conjugate of the impulse response 
coefficients, see D1 . 

- claim 3: preselected coefficients are feed back filter coefficients, see D1; these 
coefficients are initialised as autocorrelation values of the channel impulse 
response coefficients, see D1 . 

- claim 4: normalising coefficients is a common measure for a skilled person. 

- claim 5: LMS, see D2 

- claim 6: RLS, see D2 

- claim 7: independent training rates for FFF and FBF, see D3, from page 4, line 
47 to page 5, line 40. 

- claim 8: see D1, page 1593, right-hand column, lines 46-50. 



Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document D1 is not mentioned in the description, nor is this 
document identified therein. 

D2 apparently corresponds to the VTC'98 CONFERENCE cited on page 4, line 10 
of the description. However, the date, place and page numbers should have been 
mentioned. 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 
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Re Item VIII 

Certain observations on the international application 

1 . In claim 3, the values of dj are not defined for j = 1 ,...L when the claim depends on 
claim 1 (Article 6 PCT). 

2. In claim 7, some parameters of the equation are not defined (Article 6 PCT). 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 




ENT COOPERATION TREATY 

PCX 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

HL57809/001/CIV 


FOR FURTHER see Notification of Transmittal of International Search Report 

• _ (Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/GB 00/01214 


International filing date (day/month/year) 

30/03/2000 


(Earliest) Priority Date (day/month/year) 

30/03/1999 


Applicant 

UNIVERSITY OF BRISTOL 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 3 sheets. 

PC] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 
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